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THE OXYGEN PRESSURE GRADIENT BETWEEN THE
MATERNAL AND FETAL BLOOD IN
PREGNANT SHEEP*
DONALD H. BARRON
Recent studies on the relations of the fetal and maternal blood
vessels in the cotyledonary placenta of the sheep (Barcroft and Bar-
ron') have demonstrated that the vessels are so arranged that the
streams flow th.rough parallel cords of capillaries in opposite direc-
tions. This arrangement of the two sets of capillaries brings the
fetal blood leaving the placenta in -relation to the maternal blood
entering; similarly, the maternal blood leaving the placenta is
adjacent to the blood delivered by the umbilical arteries. Further,
it provides for the maintenance of the maximum average pressure
difference between the freely diffusible constituents of the fetal and
maternal bloods for the entire length of the parallel capillaries. The
gases in fetal blood emerging from the cotyledon should be in equi-
librium with those in the entering maternal blood.
The object of the experiments to be reported here was to estimate
the magnitude of the oxygen pressure difference between the fetal
and maternal bloods and to discover whether or not this difference
aliters as gestation advances and the fetal and maternal capillaries
'become more and more closely approximated.
The gas pressures were estimated by referring the percentage
saturation of the blood samples to fetal and maternal dissociation
curves appropriate for the several stages of gestation. Some of
these curves (to be published) were prepared earlier; others were
determined from bloods o-btained in the course of this investigation.
In each case the blood was exposed to varying oxygen pressures,
while th'e carbon dioxide pressure was held as nearly as possible to
50 mm. Hg and the temperature was maintained at 380 C.
For this study nine iewes were available. They were stocked on
known dates and kept on a farm near New Haven until shortly
before they were to be sacrificed, then they were brought to the
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laboratory. When the fetus had reached the desired stage of
development, as reckoned from the insemination date, the ewe was
given a spinal anesthetic (1.5 cc. of Spinocain) subdurally. The
uterus was next exposed by a midline incision reaching from the
symphysis pubis to the umbilicus. The table bearing the ewe was
then tilted head downward, the viscera were shifted headward, and
the insertion of a retractor permitted ready access to the uterus and
itscontents without removing it from the abdominal cavity. Towels
soaked in hot saline were laid over the uterus to prevent cooling
and evaporation.
The results of the investigation are presented in table 1. The
following deductions from the data are justified if the circulation
through the placenta, fetus, and uterus during the period over which
these blood samples were drawn was such that they are representa-
tive of th-e blood which normally flows through the vessels from
which they were drawn, and if the samples drawn from the uterine
venules were not appreciably contaminated by bloQd which had not
perfused a cotyledon: (1) that during the period of gestation under
consideration the pressure gradient favors the movement of oxygen
from the maternal to the fetal blood; (2) that this gradient tends
to steepen as gestation advances, increasing where the maternal
arterial and fetal umbilical bloods are opposed from 13 mm. Hg at
80 days to 69 mm. Hg at 147 days and from 9 mm. Hg to 45 at
the opposite end of the cords of parallel capillaries; the average
difference in oxygen pressure between the fetal and maternal bloods
increases from 11 mm. Hg to 57 mm.
Discussion
These pressure differences at the end of pregnancy are of the
same order of magnitude as those reported by Roos and Romijn4
for the near-term cow which, like the sheep, has a syndesmochorial
placenta wherein the maternal and fetal blood streams are
undoubtedly similarly opposed. According to their data there was
an oxygen pressure difference, in the one case studied, of 58.5 mm.
Hg between the maternal arterial and umbilical vein bloods and a
difference of 36 mm. Hg between the fetal arterial blood and that
of the uterine vein. The only other estimations of oxygen pressure
difference ibetween maternal and fetal blood in forms with a syn-
desmochorial placenta are those of Huggett3 made on goats near-
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term. As technical difficulties prevented Huggett from obtaining
all his blood samples for comparison from an individual fetus and its
mother, he had recourse to the method of averages which indicated
an oxygen pressure dlifference of 19 mm. Hg between the maternal
arterial blood and the 'blood in the umbilical vein.
The data obtained in this investigation clearly indicate that the
oxygen pressure gradient across the placenta increases as gestation
advances. This increase is due in part to a gradual decrease in the
oxygen pressure in the fetal arterial blood entering the placenta.
But inasmuch as the fall in oxygen pressure in the fetal blood leav-
ing the placenta is greater as gestation advances than may be
accounted for by the decrease in the pressure in the blood of the
umbilical artery there would appear to be at least one other factor
involved.
Other circumstances remaining the same the slower the oxygen
is removed from the placenta by the fetal blood the flatter the pres-
sure gradient will be; the faster the oxygen is removed, the steeper.
In other words, if the fetal blood remained in the placenta indefi-
nitely gaseous equilibrium would be established with the maternal
blood, and oonversely, the shorter the period the fetal blood is in
the placenta the greater the difference between the fetalandmaternal
gas pressures will be. The progressive increase in the oxygen pres-
sure difference between the maternal and fetal bloods may, there-
fore, be the result of a gradual increase in the rate at which the
fetal side of the placenta is perfused. Unfortunately no direct
measurements ofthe blood flow through the fetal side of the placenta
have been made, but there are two circumstances which favor this
explanation: (1) the fetal vascular bed of the placenta in the sheep
reaches its maximum size at about the 90th day of gestation (Bar-
croft and Kennedy2), i.e., the surface area across which diffusion
might take place into the fetal blood is at a maximum; and (2) the
fetal blood pressure rises rapidly after the 90th day.
Summary
The oxygen pressures in the fetal umbilical artery, umbilical
vein, the uterine artery, and uterine vein have been estimatedinpreg-
nant sheep in the latter half of the gestation period. These estima-
tions indicate: (1) that during the period under consideration the
pressure gradient favors the movement of oxygen from the maternal
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to the fetal blood; (2) that the average pressure difference increases
from 11 mm. Hg at 80 days to 57 mm. at 147 days.
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